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SULFLQJ)60SULFLQJ,QWKLVSDSHUZHHYDOXDWHWKHLPSOHPHQWD
WLRQ RI )60SULFLQJ LQ WKH VRIWZDUH HQJLQHHULQJ GRPDLQ RI WKH
FRPSDQ\DVDQLQVWUXPHQWXVHIXOLQWKHFRQWH[WRIVRIWZDUHPDQ
DJHPHQWDQGVXSSOLHUSURSRVDOSULFLQJ:HDQDO\]HGILQDOL]HG
VRIWZDUH HQJLQHHULQJ SURMHFWV FRYHULQJ PLOOLRQ(XUR SURMHFW
FRVWDQGDSURMHFWSRUWIROLRVL]HRIPRUHWKDQIXQFWLRQSRLQWV
:HIRXQGWKDWDVWDWLVWLFDOHYLGHQFHEDVHGSULFLQJDSSURDFKIRU
VRIWZDUHHQJLQHHULQJDVDVLQJOHLQVWUXPHQWZLWKRXWDFRQQHFWLRQ
ZLWK H[SHUW MXGJPHQW FDQEHXVHG LQ WKH VXEMHFW FRPSDQLHV WR
FUHDWH FRVW WUDQVSDUHQF\ DQG SHUIRUPDQFHPDQDJHPHQW RI VRIW
ZDUHSURMHFWSRUWIROLRV
.H\ZRUGV²6RIWZDUH(FRQRPLFV;6RIWZDUH3ULFLQJ;)XQFWLRQDO
6L]H0HDVXUHPHQW;)60SULFLQJ;)XQFWLRQ3RLQW$QDO\VLV
, ,1752'8&7,21
7KLVVWRU\LVDERXWDFRPSDQ\WKDWH[SHULHQFHVWZRSUREOHPV
LQLWVVRIWZDUHHQJLQHHULQJRXWVRXUFLQJ)LUVWDZRUVHQLQJWUHQG
LVVHHQLQSURMHFWFRVWSHU)XQFWLRQ3RLQW)3LQGLFDWLQJWKDWWKH
RUJDQL]DWLRQGRHVQRWOHDUQIURPKLVWRULFSURMHFWV6HFRQGPXFK
WLPHDQGHQHUJ\LVVSHQWRQSUHSDUDWLRQDQGUHYLHZRIIL[HGSULFH
SURMHFWSURSRVDOV2XUFDVHVWXG\H[SORUHVZKHWKHUDQHZSURMHFW
SULFLQJPHWKRGKHOSVWRVROYHWKHVHSUREOHPV
$ 3UREOHP6WDWHPHQW
7R DUULYH DW D SULFH WKDW LV DFFHSWDEOH IRU ERWK SDUWLHV LQ
YROYHGPRVW FRPSDQLHV UHO\ KHDYLO\ RQ H[SHUW MXGJPHQW >@
ZKHUHWKHDGYLFHRINQRZOHGJHDEOHVWDIILVVROLFLWHG>@8VXDOO\
WKLV LVSHUIRUPHG DV DERWWRPXSDSSURDFKZKHUH FRPSRQHQW
WDVNVDUHLGHQWLILHGDQGVL]HGDQGWKHQWKHVHLQGLYLGXDOHVWLPDWHV
DUHDJJUHJDWHGWRSURGXFHDQRYHUDOOHVWLPDWH>@
<HWLQSUDFWLFHHIIRUWDQGRUVFKHGXOHRYHUUXQVDUHEXVLQHVV
DVXVXDO>@GHVSLWHLQYROYHPHQWRIH[SHUWV6RIWZDUHGHYHORS
PHQW LV FKDUDFWHUL]HGE\KLJKFRVWDQGVFKHGXOHRYHUUXQV >@
(VWLPDWLRQ HUURUV DUH UHSRUWHG WR EH HVVHQWLDO FDXVHV RI SRRU
PDQDJHPHQWGXHWRODFNRIDVROLGEDVHOLQHRIVL]H>@
$Q DOWHUQDWLYH PHWKRG IRU VRIWZDUH SURMHFW HVWLPDWLRQ LV
EDVHGRQDOJRULWKPLFFRVWPRGHOV&2&202LVDZHOONQRZQ
H[DPSOHZKLFKWDNHFRVWGULYHUVUHSUHVHQWLQJFHUWDLQFKDUDFWHU
LVWLFVRIWKHWDUJHWV\VWHPDQGWKHLPSOHPHQWDWLRQHQYLURQPHQW
DQGXVH WKHPWRSUHGLFWHVWLPDWHGHIIRUW>@ ,QPDQ\RIWKHVH
VWDWLVWLFDODSSURDFKHVVL]HLVDVVXPHGWREHDNH\IDFWRUWRHVWL
PDWHSURMHFWFRVW>@>@8VXDOO\VL]HRIVRIWZDUHHQJLQHHULQJ
SURMHFWVLVPHDVXUHGZLWKDIRUPDO)XQFWLRQDO6L]H0HDVXUHPHQW
)60VWDQGDUG>@)60LVDPHWKRGWRPHDVXUHWKHVL]HRIVRIW
ZDUHHQJLQHHULQJSURMHFWVE\PHDQVRIWKHIXQFWLRQDOLW\GHOLY
HUHG WR XVHUV >@ ZKLFK OD\V WKH IRXQGDWLRQ IRU D VWDWLVWLFDO
PHWKRGRISURMHFWSULFLQJEDVHGRQIXQFWLRQDOVL]H$GYDQWDJHV
RI VXFKD VWDWLVWLFDOPHWKRG DUH WKDW WKLVZLOO KHOS WR LPSURYH
WUDQVSDUHQF\RIHVWLPDWLRQVDQGWKDWLWFDQEHDJRRGLQVWUXPHQW
WRFUHDWHFRQWLQXRXVLPSURYHPHQWRISURMHFWSHUIRUPDQFH
$OWKRXJKZHGLGQRWILQGHYLGHQFHLQH[LVWLQJOLWHUDWXUHRXU
REVHUYDWLRQLQLQGXVWU\LVWKDWDSXUHO\VWDWLVWLFDOPHWKRGLVDO
PRVWQHYHUXVHG,IVWDWLVWLFDODQDO\VLVLVXVHGWKLVLVXVXDOO\VXS
SOHPHQWDU\WRDQH[SHUWMXGJPHQWEDVHGDSSURDFK>@$QGSUDF
WLFHVKRZVWKDWLQPRVWFDVHVWKHH[SHUWRSLQLRQ±LQPDQ\FDVHV
VXSSRUWHGE\UHDVRQLQJE\DQDORJ\±LVOHDGLQJZKHQLWFRPHV
WRGHFLVLRQPDNLQJ>@
% 5HVHDUFK2EMHFWLYHV
7KHJRDORIWKLVSDSHULVWRH[DPLQHZKHWKHUDSXUHO\VWDWLV
WLFDODSSURDFKWRSULFLQJLVHIIHFWLYHLQDQRXWVRXUFLQJFRQWH[W
:HGHILQHDQDSSURDFKWREHHIIHFWLYHZKHQDVRFDOOHGZLQZLQ
VLWXDWLRQLVDFKLHYHGPHDQLQJWKDWERWKLQYROYHGSDUWLHVDUHVDW
LVILHGDQGSURMHFWSURSRVDOVDUHSHUFHLYHGWREHWUDQVSDUHQWIRU
DOOVWDNHKROGHUV7KHVXSSOLHUGHOLYHUVDVHUYLFHIRUDSULFHWKDW
LVKLJKHUWKDQWKHFRVWDQGWKHFXVWRPHUJHWVKLJKHUYDOXHWKDQ
WKHSDLGSULFH,QDGGLWLRQWRWKDW WKHRXWVRXUFLQJFRQWH[WDVNV
IRUDORQJWHUP\HDUUHODWLRQ)RUWKLVSXUSRVHZHGHILQHWKUHH
UHVHDUFKTXHVWLRQV
54 7RZKDWH[WHQWDUHERWKSDUWLHVLQYROYHGLQWKHFDVH
VWXG\VDWLVILHGZLWK)60SULFLQJ"
54 7R ZKDW H[WHQW GRHV )60SULFLQJ KHOS WR LPSURYH
WUDQVSDUHQF\RISURMHFWSURSRVDOV"
54 7RZKDWH[WHQWGRHV)60SULFLQJKHOSWRFUHDWHFRVW
DQGWLPHLPSURYHPHQWV"
& &RQWH[W
,QRUGHU DQVZHU WKHVH UHVHDUFK TXHVWLRQVZH SHUIRUPHGD
FDVHVWXG\RQWKHLPSOHPHQWDWLRQDQGHYDOXDWLRQRI)60SULFLQJ
DVD VLQJOH LQVWUXPHQW IRU VRIWZDUHPDQDJHPHQW LQ D WHOHFRP
FRPSDQ\LQDZHVW(XURSHDQFRXQWU\LQWKLVSDSHULQGLFDWHGDV
&203$1<&DQGWKHSULFLQJDSSURDFKDJUHHGZLWKLWVPDLQ,Q
GLDQ,7VXSSOLHULQGLFDWHGDV6833/,(56:HVWXGLHGGDWDFRO
OHFWHGIURPVRIWZDUHSURMHFWVWKDWILQDOL]HGGXULQJDSHULRG

,(((


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IURPWR0RUHRYHUZHFRQGXFWHGLQWHUYLHZVLQ
FOXGLQJVWUXFWXUHGDVZHOODVRSHQHQGHGTXHVWLRQV2XUVWXG\LV
SULPDULO\GHVFULSWLYHDQGQRWFRPSDUDWLYHZHGRQ¶WKDYHGDWD
WRVHHKRZRWKHUSULFLQJDSSURDFKHVPLJKWKDYHZRUNHG<HWZH
SURYLGHDULJRURXVDQDO\VLVRIZKDWZRUNHGZHOODQGZKDWGLG
QRWZRUNZHOOXVLQJ)60DVDQLQVWUXPHQWIRUSULFLQJ
7KHLQQRYDWLRQRIRXUVWXG\LVWKDWZHUDLVHWKHTXHVWLRQWR
ZKDWH[WHQWDVLQJOHVWDWLVWLFDOHPSLULFDODSSURDFKWRSURMHFWHV
WLPDWLRQFDQUHDFKWKHJRDORIWUDQVSDUHQWSURMHFWSURSRVDOVDQG
GXHWRWKDWFRVWDQGWLPHLPSURYHPHQWV
7KHFDVHVWXG\VKRZVWKDW)60SULFLQJFDQVXFFHVVIXOO\EH
XVHGLQWKHSUDFWLFHRI&203$1<&DQG6833/,(56DVDVWDWLVWLFDO
HYLGHQFHEDVHGSULFLQJDSSURDFKIRUVRIWZDUHHQJLQHHULQJSUR
MHFWSURSRVDOV54WKDW)60SULFLQJLQERWKVXEMHFWFRPSD
QLHVOHDGVWRDQLPSURYHGWUDQVSDUHQF\RISURMHFWSURSRVDOVDQG
VDWLVILHGVWDNHKROGHUV54)XUWKHUPRUHZHIRXQGWKDW)60
SULFLQJLQRXUFDVHVWXG\GRHVOHDGRQVKRUWWHUPWRFRVWLPSURYH
PHQWVEXWWKDWQRWLPHLPSURYHPHQWVDUHUHDOL]HGZLWKLQERWK
VXEMHFWFRPSDQLHVDYHUDJHSURMHFWGXUDWLRQVKRUWHQVEXWDYHU
DJHSURMHFWVL]HJHWVVPDOOHUWRR54'XHWRWKHOLPLWHGVFRSH
RI WKH VWXG\ LW LV WRRHDUO\ WRJHQHUDOL]H WKH DERYHPHQWLRQHG
ILQGLQJVWRRWKHUFRPSDQLHVDQGVXSSOLHUVRIVRIWZDUHSURMHFWV
\HW ZH EHOLHYH WKH RXWFRPH FDQ KHOS VRIWZDUH FRPSDQLHV WR
VHWXSWUDQVSDUHQWDQGLPSURYLQJSURMHFWSULFLQJVWUDWHJLHV
:HEDVHWKHUHSRUWLQJVWUXFWXUHRIWKLVFDVHVWXG\RQWKHOLQ
HDUDQDO\WLFVWUXFWXUHDVGHVFULEHGLQ>@,Q6HFWLRQ,,ZHVXU
YH\HDUOLHUUHVHDUFKRQVRIWZDUHSULFLQJDQGGLVFXVVWKHEDFN
JURXQGRI)603ULFLQJ ,Q6HFWLRQ,,,ZHFKDONRXW WKH FDVH
VWXG\GHVLJQ,Q6HFWLRQ,9ZHSUHVHQWUHVXOWVDQGZHHYDOXDWH
YDOLGLW\,Q6HFWLRQ9ZHGLVFXVVWKHUHVXOWVDQG6HFWLRQ9,LQ
FOXGHVFRQFOXVLRQVDQGIXWXUHZRUN
,, 5(/$7(':25.
:KHQLWFRPHVWRVRIWZDUHSULFLQJWZRW\SHVRIHVWLPDWLRQ
WHFKQLTXHVDUHGLVWLQJXLVKHGWRGLVFRYHUWKHFRVWRISURGXFLQJD
VRIWZDUH V\VWHP H[SHULHQFHEDVHG WHFKQLTXHV VXFK DV H[SHUW
MXGJPHQWDQGDOJRULWKPLFFRVWPRGHOLQJZKHUHFRVWLVHVWLPDWHG
DVDPDWKHPDWLFDO IXQFWLRQRISURGXFWSURMHFWDQGSURFHVVDW
WULEXWHV $ ZHOONQRZQ H[DPSOH RI WKH ODWWHU LV %RHKP¶V
&2&202>@PRUHPHWKRGVEDVHGRQDOJRULWKPLFVRIWZDUH
FRVWPRGHOVZLWKVSHFLILFUHJUHVVLRQIRUPXODDUHZLGHO\XVHGLQ
LQGXVWU\VXFKDVWKH3XWQDP0RGHO>@DQG6((56(0>@
6WXGLHVFRYHUHGLQDUHYLHZE\0RO¡NNHQDQG-¡UJHQVHQRQ
6XUYH\VRQ6RIWZDUH(IIRUW(VWLPDWLRQ>@PHQWLRQDYDULHW\RI
HVWLPDWLRQDLGVVXFKDVZRUNEUHDNGRZQVWUXFWXUH)XQFWLRQDO
6L]H0HDVXUHPHQWVXFKDV)XQFWLRQ3RLQW$QDO\VLV)3$>@
SDUDPHWULFWRROV>@DQGTXDOLWDWLYHPHWKRGV>@
)RUDORQJWLPHUHVHDUFKHUVDQGSUDFWLWLRQHUVKDYHEHHQLQ
YHVWLJDWLQJWKHXVHRIVWDWLVWLFVLQVRIWZDUHHVWLPDWLRQ6LQFHWKH
¶VDOLPLWHGQXPEHURIVWXGLHVKDVEHHQSXEOLVKHGRQWKHVXE
MHFWRISULFLQJRISURMHFWVEDVHGRQVWDWLVWLFV>@>@'HVSLWH
DOOPRGHOVDQGSUDFWLFHVDFWXDOVRIWZDUHHVWLPDWLRQVHHPVGLIIL
FXOW0RO¡NNHQDQG-¡UJHQVHQ >@REVHUYH WKDWRI WKH
SURMHFWVHQFRXQWHUHIIRUWDQGRUVFKHGXOHRYHUUXQV(VWLPDWLRQ
PHWKRGVLQPRVWIUHTXHQWXVHDUHH[SHUWEDVHGH[SHUWFRQVXOWD
WLRQLQWXLWLRQDQGH[SHULHQFHDQGDQDORJ\)UHTXHQWXVHRIH[
SHUW MXGJPHQW LVDGYRFDWHGEHFDXVHRID ODFNRIHYLGHQFH WKDW
IRUPDOHVWLPDWLRQPRGHOVOHDGWRPRUHDFFXUDWHHVWLPDWHV>@
$OWKRXJKUHVHDUFKLQWKHILHOGRIVRIWZDUHHQJLQHHULQJRIWHQ
VKRZVFRQFOXVLRQLQVWDELOLW\ZKHUHZKDWLVWUXHIRUSURMHFWRQH
GRHV QRW KROG IRU SURMHFW WZR >@ DQG H[SHUW MXGJHPHQW LV
FRPPRQSUDFWLFHVWXGLHVGRHPSKDVL]HSLWIDOOV-¡UJHQVHQDQG
*UXVNH>@DUJXHWKDWHVWLPDWLRQSURIHVVLRQDOVLQPDQ\FDVHV
GRQRWXVHOHVVRQVOHDUQHGIURPILQDOL]HGSURMHFWV9DOHUGL>@
PHQWLRQVFRJQLWLYHELDVWKDWFDQPDNHH[SHUWVSURGXFHSRRUHV
WLPDWHV 3DVVRV HW DO >@ VKRZ WKDWPDQ\ H[SHUWV JHQHUDOL]H
IURPWKHLUILUVWHVWLPDWHVWRIXWXUHRQHV5HFHQWOLWHUDWXUHVWXG\
RQDJLOHPHWULFVVKRZVKLJKSRSXODULW\RIYHORFLW\IRUHIIRUWHV
WLPDWHVLQLQGXVWULDODJLOHWHDPV>@\HWFRVWPHWULFVDQGVL]H
UHODWHGPHWULFVDQGHVSHFLDOO\PHWULFVUHODWHGWRSULFLQJRISUR
MHFWVDUHQRWPHQWLRQHG)LQNDQG/LFKWHQVWHLQ>@DGGUHVVWKH
JDSEHWZHHQSURMHFW VL]HDOWKRXJKPHDVXUHGKHUH LQFRVWDQG
QRWLQIXQFWLRQDOVL]HLQWKHVRIWZDUHHQJLQHHULQJOLWHUDWXUHDQG
WKHDWWHQWLRQLWUHFHLYHVLQVRIWZDUHFRQWUDFWLQJUHVHDUFK0DG
DFK\HWDO>@DUJXHWKDWGXHWRLPSUHFLVHQHVVRIJHQHUDOVRIW
ZDUH FRVW SDUDPHWHUV VXFK DV VL]H HIIRUW GLVWULEXWLRQ DQG
SURGXFWLYLW\FRVWGDWDEDVHEHWWHUDUHVHJPHQWHGE\GRPDLQ
$EUDQHWDO>@XVHVD)60EDVHGPRGHOWRDVVHVVSURGXF
WLYLW\DQGWRHVWLPDWHQHZSURMHFWVRQIL[HGDQGSDUWO\YDULDEOH
FRVWV5DPDVXEEXHW DO >@ >@ UHYHDO FRPSOH[ WUDGHRIIV LQ
FKRRVLQJFRQILJXUDWLRQDOFKRLFHVWKDWDUHRSWLPL]HGIRUSURGXF
WLYLW\TXDOLW\DQGRUSURILWV$GLVFXVVLRQRQPRGHOEDVHGYHU
VXVMXGJPHQWEDVHGLVGHVFULEHGLQ>@LQGLFDWLQJDVXEVWDQWLDO
RYHUODSEHWZHHQWKHWZRDSSURDFKHVEXWDOVRVRPHPLVPDWFKHV
:HGLGQRWILQGVWXGLHVWKDWGHVFULEHGHGLFDWHGXVHRIDOJR
ULWKPLFFRVWPRGHOVLQSUDFWLFHZLWKRXWLQWHUIHUHQFHRIH[SHUW
MXGJPHQW EDVHGPHWKRGV 9HU\ OLPLWHG UHVHDUFK LV SHUIRUPHG
VSHFLILFDOO\RQWKHWRSLFRISULFLQJVRIWZDUHSURMHFWV:HKDYH
QRWIRXQGDQ\VWXGLHVWKDWHPSKDVL]HWKHXVHRI)60DVDVLQJOH
LQVWUXPHQW IRU SULFLQJ 7KLV LV UHPDUNDEOH VHYHUDO VWXGLHV RQ
)60VWUHVVWKDWVRIWZDUHVL]HLVDSULPDU\SUHGLFWRURISURMHFW
HIIRUWDQGWKXVSURMHFWFRVW>@>@
,,, &$6(678'<'(6,*1
$ 7KHRU\
 )60DQG)3$
)60LVDQLQGXVWU\VWDQGDUGWRPHDVXUHVL]HRIVRIWZDUHHQ
JLQHHULQJDFWLYLWLHV)LYH)60PHWKRGVDUHFHUWLILHGE\,62DV
DQLQWHUQDWLRQDOVWDQGDUGLQRXUVWXG\,)38*)3$,62F
>@ LV XVHG )60 RULJLQV IURP )3$ GHVLJQHG E\$OEUHFKW LQ
>@WRHVWLPDWHVL]HRIVRIWZDUHGHOLYHU\E\PHDQVRIXVHU
IXQFWLRQDOLW\ )60 LVEDVHGRQ WKH FRPSOHWH VHW RI IXQFWLRQDO
UHTXLUHPHQWVRID VRIWZDUHSURMHFW$Q H[WHQVLYHRYHUYLHZRI
)60FDQEHIRXQGLQ>@
 )60SULFLQJ
)60SULFLQJDVXVHGLQWKHFRQWH[WRIWKLVFDVHVWXG\LVD
PHWKRGWKDWZHGHYHORSHGIRUSULFLQJRISURSRVDOVIRUVRIWZDUH
SURMHFWVWREHSHUIRUPHGZLWKLQ&203$1<&E\6833/,(56,Q
RUGHU WR GHILQH D IL[HG SULFH IRU D SURMHFW ILUVW )60 LV SHU
IRUPHGWRPHDVXUHWKHIXQFWLRQDOVL]HRIDSURMHFWVHFRQGWKH
SULFHRIWKHSURMHFWLVGHWHUPLQHGEDVHGRQDSRZHUWUHQGWKDWLV
EXLOWRQKLVWRULFGDWDRIILQDOL]HGVRIWZDUHSURMHFWV,QRXUFDVH
VWXG\ZHRQO\XVHGKLVWRULFGDWDRISURMHFWVWKDWZHUHILQDOL]HG
ZLWKLQ WKH SUDFWLFH RI &203$1< & DQG 6833/,(5 6 LWVHOI 7KH
)60SULFLQJPHWKRGLVH[SODLQHGPRUHLQGHWDLO LQSDUDJUDSK
,,,(



% 5HVHDUFK4XHVWLRQV
,Q WKH SHULRG SULRU WR )60SULFLQJ EHFRPH RSHUDWLRQDO
ZLWKLQ&203$1<&ZHGLVFRYHUHG WZRPDMRUGLVDGYDQWDJHV LQ
WKHFXUUHQWH[SHUWMXGJPHQWEDVHGHVWLPDWLRQDSSURDFKWKURXJK
DQDO\VLV RI ILQDOL]HG VRIWZDUH HQJLQHHULQJ SURMHFWV )LUVW
&203$1<&VKRZHGDZRUVHQLQJWUHQGLQSURMHFWFRVWSHU)3LQ
GLFDWLQJWKDWWKHRUJDQL]DWLRQGLGQRWOHDUQIURPKLVWRULFSURMHFW
GDWD6HFRQGPXFKWLPHDQGHQHUJ\ZDVVSHQWRQSUHSDUDWLRQ
DQGUHYLHZRIIL[HGSULFHSURMHFWSURSRVDOVOHDGLQJWRORQJSUR
MHFWGXUDWLRQV7RWXUQWKHWLGHRQWKHZRUVHQLQJFRVWDQGWLPH
SHUIRUPDQFHDQGWRVPRRWKHQWKHSURSRVDOSURFHVVDGHFLVLRQ
ZDVPDGHWRFKDQJHWRZDUGVDQHPSLULFDOHYLGHQFHEDVHGDQG
DQDO\WLFDOZD\RISUHSDULQJIL[HGSULFHSURMHFWSURSRVDOV)60
SULFLQJZDV ERUQ KDYLQJ WZR JRDOV GHILQHG E\ &203$1<&¶V
PDQDJHPHQWLPSURYHWUDQVSDUHQF\RISURSRVDOVDQGFUH
DWHRQJRLQJFRVWDQG WLPH LPSURYHPHQWVRI VRIWZDUHGHOLYHU\
GXHWRWKHH[SHFWHGLPSURYHGFODULW\LQWKHGHOLYHU\SURFHVVHJ
OHVVGLVFXVVLRQRQFRVWDQGVFRSH
%DVHGRQWKLVZHGHILQHGWKUHHUHVHDUFKTXHVWLRQVZLWKWKH
LQWHQWLRQ WR ILQG RXW WR ZKDW H[WHQG VWDNHKROGHUV LQYROYHG LQ
)60SULFLQJDUHVDWLVILHGDERXWWKHPHWKRGWRZKDWH[WHQGWKH
PHWKRGKHOSVWRLPSURYHWUDQVSDUHQF\RISURMHFWSURSRVDOVDQG
WRZKDWH[WHQWFRVWDQGWLPHLPSURYHPHQWVDUHUHDOL]HG
& &DVHDQG6XEMHFW6HOHFWLRQ
)60SULFLQJDVGHVFULEHGLQWKLVSDSHUZDVLPSOHPHQWHG
LQWKHVRIWZDUHSURMHFWGHSDUWPHQWRI&203$1<&DVSDUWRID
WUDQVIRUPDWLRQSURJUDPWKDWLQFOXGHVDFKDQJHIURPRQHODUJH
(XURSHDQ,7VXSSOLHUWRDODUJH,QGLDQ,7FRPSDQ\6833/,(56
IRU WKHPDMRULW\ RI LWV VRIWZDUH HQJLQHHULQJ DFWLYLWLHV IRU WKH
&XVWRPHU5HODWLRQVKLS0DQDJHPHQW&50%LOOLQJDQG'DWD
:DUHKRXVH':+DSSOLFDWLRQV%HVLGHVWKHIDFWWKDWD\HDU
VRXUFLQJFRQWUDFWZDVDJUHHGEHWZHHQ&203$1<&DQG6833/,(5
6ERWKFRPSDQLHVZHUHQRWLQDQ\ZD\EHVLGHVFRQWUDFWXDOO\
UHODWHG)60SULFLQJDLPVWRLPSOHPHQW)60EDVHGRQ)3$
>@DVDQDSSURDFKWRLPSURYHWKHFDSDELOLW\RIWKHFRPSDQ\WR
FKDOOHQJH6833/,(56¶VSURSRVDOVIRUWREHVWDUWHGVRIWZDUHHQ
JLQHHULQJ DFWLYLWLHV $OO SURSRVDOV ZHUH IL[HGSULFH QR H[WUD
WLPHPDWHULDOFRVWZHUHDOORZHGXQOHVV WKHVFRSHRIDSURMHFW
LQ)3VZDVFKDQJHGGXULQJWKHGHOLYHU\SHULRG
%DVHGRQ WKLVRUJDQL]DWLRQDO GHILQLWLRQDQGGULYHQE\ WKH
JRDO WR LQYHVWLJDWHD UHSUHVHQWDWLYH VXEVHWRIPXWXDOO\KLJKO\
GLIIHUHQWVRIWZDUHSURMHFWVZLWKLQDFRPSDQ\¶VVRIWZDUHSRUWIR
OLRDVDZKROHZHGHFLGHGWRVHOHFWDOOVRIWZDUHSURMHFWVWREH
ILQDOL]HG GXULQJ WKH SHULRG -DQXDU\  WR'HFHPEHU 
ZLWKLQWKHEXVLQHVVGRPDLQV&50%LOOLQJDQG':+RI&20
3$1<&ZLWK6833/,(56DFWLQJDVWKHPDLQVXSSOLHUWREHVXEMHFW
RIRXUFDVHVWXG\)RUEHQFKPDUNLQJSXUSRVHVZHXVHGDVXEVHW
RIKLVWRULF VRIWZDUHSURMHFWV WKDWZHUH ILQDOL]HG LQ WKHSHULRG
WRZLWKLQWKHWKUHHEXVLQHVVGRPDLQVRI&203$1<&
\HWSHUIRUPHGE\RWKHUH[WHUQDOVXSSOLHUVWKDQ6833/,(56
''DWD&ROOHFWLRQSURFHGXUHV
'DWDRIDOOVRIWZDUHSURMHFWVWKDWDUHFROOHFWHGDUHPHDVXUHG
E\DWHDPRI&203$1<&VXSSRUWHGE\PHDVXUHPHQWVSHFLDOLVWV
RI6833/,(562QHRIWKHDXWKRUVRIWKLVVWXG\ZDVOHDGLQJ&20
3$1<&¶6PHDVXUHPHQWWHDPGXULQJWKHFDVHVWXG\$VDVRXUFH
IRU WKHSURMHFWGDWDZHXVH WKH IRUPDOSURMHFWDGPLQLVWUDWLRQ
$OOSURMHFWGDWDLVUHYLHZHGE\WKHDSSOLFDEOHSURMHFWPDQDJHU
DQGWKHILQDQFLDOFRQWUROOHURI&203$1<&DQGDGMXVWHGZKHUH
QHHGHG :H FROOHFW ERWK TXDQWLWDWLYH GDWD HJ FRUH PHWULFV
VXFKDVVL]HHIIRUWFRVWGXUDWLRQDQGTXDOLWDWLYHGDWDHJSUR
MHFWEDFNJURXQGVIDFWRUVWKDWLQIOXHQFHGDSURMHFWLQDPHDV
XUHPHQW UHSRVLWRU\ 3URMHFWV FRYHU DPL[ RI WKH EXVLQHVV GR
PDLQV&50%LOOLQJDQG':+SURMHFWW\SHVHJQHZO\EXLOW
V\VWHPV HQKDQFHPHQWV RIIWKHVKHOI SDFNDJHV DQG SURMHFW
VL]HVHJVPDOOHQKDQFHPHQWVODUJHRQFHRQO\SURMHFWV,QDOO
SURMHFWVWKHGHVLJQEXLOGDQGWHVWLQJDFWLYLWLHVDUHSHUIRUPHG
E\RQHRUPRUHH[WHUQDOVXSSOLHUV0RVWVRIWZDUHSURMHFWVDUH
FRPELQHGLQUHOHDVHVDQGGHOLYHUHGDWRQHPRPHQWWRWKHEXVL
QHVVRUJDQL]DWLRQHDFK\HDUHLJKWUHOHDVHVDUHUROOHGRXWXQGHU
JXLGDQFHRIDSRUWIROLRPDQDJHPHQWWHDPRI&203$1<&
:HFROOHFWGDWDRQILQDOL]HGVRIWZDUHHQJLQHHULQJSURMHFWV
RQO\ VWRSSHG RU IDLOHG SURMHFWV DUH QRW LQFOXGHG LQ RXU FDVH
VWXG\:HH[FOXGHSURMHFWVWKDWDUHRQO\DERXWLQIUDVWUXFWXUHRU
WKDW LQFOXGH RQO\ QRQIXQFWLRQDO UHTXLUHPHQWV HJ SHUIRU
PDQFHVHFXULW\EHFDXVHWKHVHZHUHQRWWREHFRXQWHGLQ)3V
)RU DOO WREHDQDO\]HG VRIWZDUH HQJLQHHULQJ SURMHFWV ZH
PHDVXUH SURMHFW VL]H LQ )XQFWLRQ 3RLQWV )3V DFFRUGLQJ WR
)60,62,(&JXLGHOLQHV>@)3$LVSHUIRUPHGE\VSH
FLDOLVWVHLWKHUIURPD&203$1<&PHDVXUHPHQWWHDPLQWKHSH
ULRGWKDW6833/,(56LVQRWLQVFRSHDVPDLQVXSSOLHU\HWRUE\
D6833/,(56PHDVXUHPHQWWHDPRQFH6833/,(56LVLQVFRSHDV
PDLQVXSSOLHUWKH\SHUIRUPDOO)3$V(YHU\)3$LVUHYLHZHG
RQFRUUHFWXWLOL]DWLRQRIFRXQWLQJSUDFWLFHVE\DQH[SHULHQFHG
,7PHWULFVH[SHUWZKRLVDOVRRQHRIWKHDXWKRUVRIWKLVSDSHU
DQGRQFRUUHFWLQWHUSUHWDWLRQRIUHTXLUHPHQWVE\DQDSSOLFDEOH
VXEMHFWPDWWHUH[SHUWRI&203$1<&
( $QDO\VLV3URFHGXUH
,QRUGHUWRWHVWZKHWKHUFRVWRUWLPHLPSURYHPHQWVDUHUHDO
L]HGZHFDOFXODWHWKHIROORZLQJSHUIRUPDQFHLQGLFDWRUVIRUHDFK
SURMHFW ZHRSWHG IRU WKLV VHWRI LQGLFDWRUVEHFDXVH WKH\ZHUH
LQFOXGHGLQWKHVWDQGDUGVHWRI.3,VZLWKLQ&203$1<&DQGWKHUH
IRUWREHH[SHFWHGDVNQRZQE\ERWKSDUWLHVPDQDJHPHQW
 3URMHFW FRVW SHU)3 WRWDO SURMHFW FRVW GLYLGHG E\ WKH
SURMHFWVL]HH[SUHVVHGLQ(XURV)3
 %XLOG	7HVWFRVWSHU)3FRVWRIWKH%XLOG	7HVWSKDVH
GLYLGHGE\WKHSURMHFWVL]HLQ(XURV)3
 3URMHFWGXUDWLRQSHU)3GXUDWLRQRI WKHSURMHFW IURP
VWDUWRIWKH,QLWLDWLRQSKDVHWRWHFKQLFDOJROLYHGLYLGHG
E\WKHSURMHFWVL]HLQ'D\V)3
 %XLOG	7HVWGXUDWLRQSHU)3GXUDWLRQRIWKH%XLOG	
7HVWSKDVHGLYLGHGE\WKHSURMHFWVL]HLQ'D\V)3
:KHQLQWKLVVWXG\FRVWSHU)3RUGXUDWLRQSHU)3LVPHQ
WLRQHGZLWKRXWDQ\SUHIL[WKHSURMHFWYHUVLRQRIHDFKLQGLFDWRU
LVPHDQWLQVWHDGRIWKH%XLOG	7HVWYHUVLRQ)RUDQDO\VLVSXU
SRVHVUHVXOWVRILQGLYLGXDOSURMHFWVDUHDJJUHJDWHGWRFRPSDQ\
OHYHOZKHUHSURMHFWVL]H)3VLVXVHGDVZHLJKWLQJIDFWRU$OO
GDWDXVHGLQWKHDQDO\VLVZHUHVKDUHGDQGWKRURXJKO\UHYLHZHG
E\PHDVXUHPHQWH[SHUWVRIERWK&203$1<&DQG6833/,(56
%DVHGRQDQDO\VLVRISURMHFWVSHUIRUPHGE\6833/,(56ZH
FDOFXODWHGWZRGRPDLQVSHFLILFEDVHOLQHVRQEXLOG	WHVWFRVW
SHU)3WKHVHZHUHJRLQJWREHWKHWUHQGOLQHVIRU)60SULFLQJ
7RFUHDWHWKHEDVHOLQHZHREWDLQHGWKHEHVWILWDIWHUFRQGXFWLQJ
DORJORJWUDQVIRUP$IWHUSHUIRUPLQJDSRZHUUHJUHVVLRQWKH
UHVXOWLQJSULFHFDOFXODWLRQIRUPXODLV



3ULFH Įî)3ȕ    (1) 
7KHFRHIILFLHQWVĮDQGȕPD\GLIIHUSHUDSSOLFDWLRQGRPDLQ
,QWKHSRUWIROLRXQGHUVWXG\ZHW\SLFDOO\KDYHȕ§1RWH
WKDWWKLVIRUPXODLVLQOLQHZLWK&2&202¶VHIIRUWHVWLPDWLRQ
IRUPXODZKLFKXVHV./2&LQVWHDGRIIXQFWLRQSRLQWV>@:H
XVHVLPSOHUHJUHVVLRQRQSURMHFWVL]HDQGEXLOG	WHVWFRVWZLWK
SRZHUILW2XUIRXQGDWLRQRIWKLVDUJXPHQWLVWKDWVXFKDPRGHO
IDFLOLWDWHVJUHDWHUDQDO\]DELOLW\DQGWKXVKHOSVLPSURYLQJWUDQV
SDUHQF\ )RU D VWDWLVWLFVEDVHG H[SODQDWLRQ ZH FUHDWH D FURVV
FRUUHODWLRQWDEOHWRGHWHUPLQHDQGILOWHUWKHVWURQJO\GHSHQGHQW
YDULDEOHV LQ RXU VDPSOH RXW IURP WKH UHJUHVVLRQ PRGHO :H
IRXQGWKDWVL]HDQGGXUDWLRQDUHDOOSDLUZLVHKLJKO\FRUUHODWHG
ZHUHMHFWHGGXUDWLRQDQGRQO\XVHGVL]HDVDSUHGLFWRUIRUFRVW
6HHWKHWHFKQLFDOUHSRUWIRUPRUHGHWDLOVRQVWDWLVWLFV>@
:HSUHSDUHGWZREDVHOLQHV&50%LOOLQJ5 
DQG':+5 &50%LOOLQJGRPDLQSURMHFWVDUH
FRPELQHGLQRQHEDVHOLQHEHFDXVHWKHDQDO\VLVVKRZVQRODUJH
GLIIHUHQFHVEHWZHHQSURMHFWVIURPERWKGRPDLQVPDQ\SURMHFWV
RYHUODS GRPDLQ ERUGHUV DQG EHFDXVH QRW HQRXJK GDWD ZHUH
DYDLODEOHIRUSURSHULQGLYLGXDOWUHQGOLQHVIRUERWKGRPDLQV$
VHSDUDWH':+EDVHOLQHZDVVHWXSEHFDXVHWKHVHSURMHFWVVKRZ
D GLIIHUHQW SDWWHUQ 6HH WKH 7HFKQLFDO 5HSRUW >@ IRU SORWWHU
FKDUWVDQGGHWDLOVRQWKHVHWXSRIERWKEDVHOLQHV
%DVHGRQERWKEDVHOLQHVDWRROZDVVHWXSIRUFRVWFDOFXOD
WLRQLQSURMHFWSURSRVDOVE\6833/,(56)RUDOOWREHVWDUWHGVRIW
ZDUHSURMHFWVWKHIL[HGSULFHLVFDOFXODWHGZLWKWKLVWRRO2QFH
WKHVL]HRIDSURMHFWLVFRXQWHGDQGUHYLHZHGWKHWRROFDOFXODWHV
WKHSULFHIRUDSURMHFWWREHSHUIRUPHGE\6833/,(56EDVHGRQ
WKHDSSOLFDEOHGRPDLQEDVHOLQH
6WDNHKROGHUV IURP&203$1<& RSWHG VWURQJO\ IRU D VLQJOH
SULFLQJ DSSURDFK RQO\ EDVHG RQ VWDWLVWLFV EHFDXVH RQJRLQJ
GLVFXVVLRQVRQSURMHFWHVWLPDWHVZHUHH[SHFWHGGXHWRDYDULHW\
RIH[SHUWRSLQLRQVLIWZRDSSURDFKHVZHUHWREHXVHGVLPXOWD
QHRXVO\DQGEHFDXVHRIWKDWORQJHUSURMHFWGXUDWLRQV7RUHDV
VXUH VWDNHKROGHUV RI 6833/,(5 6 ZLWK GRXEWV RQ WKLV VLQJOH
PHWKRG IRU VXSSOLHU SURSRVDO SULFLQJ D VL[ PRQWK¶V )60
SULFLQJSLORWZDV VWDUWHG7KLVSLORW LV WKH VXEMHFWRI WKHFDVH
VWXG\WKDWLVGLVFXVVHGLQWKLVSDSHU4XDQWLWDWLYHDQDO\VLVLVSHU
IRUPHGRYHUWKHVFRSHRIWKHVL[PRQWKSLORWDQGWKHIROORZLQJ
VL[PRQWKVRSHUDWLRQDOXVHRI)60SULFLQJ
) 0RGHO9DOLGDWLRQ3URFHGXUH
,QRUGHUWRYDOLGDWHWKH)60SULFLQJPHWKRGZHXVHDPL[HG
PHWKRGVPHWKRGRORJ\DVZHDUHH[DPLQLQJDSKHQRPHQRQZLWK
PXOWLSOHTXDOLWDWLYHDQGTXDQWLWDWLYHWRROV:HSHUIRUPDVLQ
JOHFDVHKROLVWLFFDVHVWXG\WKDWLQYROYHVWZRLQVWUXPHQWVDVXU
YH\FRQVLVWLQJRIRSHQDQGFORVHGTXHVWLRQVDQGDTXDQWLWDWLYH
DQDO\VLV RI DFWXDO SURMHFW GDWD 7KH VXUYH\ LV SHUIRUPHG VL[
PRQWKVDIWHUWKHVWDUWRIWKHFDVHVWXG\WKHTXDQWLWDWLYHDQDO\VLV
LVSHUIRUPHGDWWKHHQGRIWKHFDVHVWXG\SHULRGRIRQH\HDU
7RDQVZHU547RZKDWH[WHQWDUHERWKSDUWLHVLQYROYHGLQ
WKHFDVHVWXG\VDWLVILHGZLWK)60SULFLQJ"DQG547RZKDW
H[WHQWGRHV)60SULFLQJKHOSWRLPSURYHWUDQVSDUHQF\RISURMHFW
SURSRVDOV"ZHFUHDWHDFRPELQHGPLQXWHTXHVWLRQQDLUHVXU
YH\7KHVXUYH\WRSLFVDQGWKHVXUYH\DSSURDFKDUHGHWHUPLQHG
LQDQXPEHURISUHSDUDWLRQVHVVLRQVEHWZHHQPDQDJHPHQWUHS
UHVHQWDWLYHV DQG WKHPHDVXUHPHQW H[SHUWV RI ERWK &203$1<&
DQG6833/,(562XUDLPLVWRFRPHXSZLWKDPDQDJHDEOHVHWRI
WRSLFVWKDWZRXOGUHSUHVHQWWKHSLORWHIIHFWLYHO\7KHVXUYH\FRQ
VLVWVRIDQXPEHURIFORVHGTXHVWLRQVUHVSRQGHQWVDUHDVNHGWR
UDWHWKHVHVXUYH\WRSLFVRQDSRLQW/LNHUWVFDOH1H[WWRWKH
SRLQW VFDOH IRU HDFK RI WKH VXUYH\ WRSLFV D FKRLFH RI ³'RQ¶W
.QRZ´DVDQDQVZHULVDQRSWLRQ%HVLGHVWKDWWKHVXUYH\FRQ
WDLQVWKUHHRSHQTXHVWLRQV
7KHVXUYH\VWDUWVZLWKWKHFROOHFWLRQRIGHPRJUDSKLFLQIRU
PDWLRQ DQG WKH DQVZHULQJ RI WZR SDUWLDOO\ FORVHG TXHVWLRQV
³:KDWFRPSDQ\DUH\RXZRUNLQJIRU"´DQG³:KDWLV\RXUFRQ
QHFWLRQZLWK)60SULFLQJ"´%RWKTXHVWLRQVDUHLQWHQGHGWRILQG
RXWDQ\GLIIHUHQFHVLQVDWLVIDFWLRQZLWK)60SULFLQJZLWKLQERWK
WKHLQYROYHGSDUWLHV&203$1<&DQG6833/,(56DQGEHWZHHQUH
VSRQGHQWVZLWK GLIIHUHQW UROHV$ FRPSUHKHQVLYH RYHUYLHZ RI
VHWXSDQGUHVSRQGHQWVWDWHPHQWVLQWKHVXUYH\FDQEHIRXQGLQ
WKHWHFKQLFDOUHSRUW>@
7RDVVHVVWKHH[SHULHQFHGVDWLVIDFWLRQZLWK)60SULFLQJZH
DVNUHVSRQGHQWVWRDQVZHUWKHTXHVWLRQ³+RZVDWLVILHGDUH\RX
ZLWK WKH IROORZLQJ"´ UHVSRQGHQWVDUHDVNHG WR UDWHVXUYH\
WRSLFV7RILQGRXWZKHWKHUUHVSRQGHQWVIHHOWKDW)60SULFLQJ
QHHGVWREHFRQWLQXHGDTXHVWLRQLVDVNHGWREHDQVZHUHGZLWK
\HVRUQR³6KRXOG)60SULFLQJEHFRQWLQXHGDVDQRSHUDWLRQDO
SUDFWLFHRQFHWKHSLORWLVILQDOL]HG"´7RXQGHUVWDQGSRVVLEOHUHD
VRQVEHKLQGWKHFORVHGTXHVWLRQVZHDVNWKHVWDNHKROGHUVWRDQ
VZHUWKUHHRSHQTXHVWLRQVPD[DQVZHUVDUHDOORZHG
 :KDWLVJRLQJZHOOGXULQJWKH)60SULFLQJSLORWWKDWZH
ZDQWWRFRQWLQXH"
 :KDWLVQRWJRLQJZHOOGXULQJWKH)60SULFLQJSLORWWKDW
ZHZDQWWRIL["
,QRUGHUWRDVVHVVWKHH[SHULHQFHGWUDQVSDUHQF\ZLWKUHJDUG
WR SURMHFW SURSRVDOV ZH SHUIRUP D VXUYH\ ZLWK HLJKW FORVHG
TXHVWLRQV7KHILUVWVHYHQ4WR4DUHLQWHQGHGWRILQGRXW
KRZ UHVSRQGHQWV H[SHULHQFH WKH TXDOLW\ RI DUWLIDFWV DQG SUR
FHVVHVZLWKUHJDUGWR)60SULFLQJ$VDUHVSRQVHWRWKHTXHV
WLRQ ³+RZZRXOG \RX UDWH WKH TXDOLW\ RI WKH IROORZLQJ"´ UH
VSRQGHQWVDUHDVNHGWRUDWHWKHVHVHYHQVXUYH\WRSLFV1H[WWR
WKHVH TXHVWLRQV WKUHH DGGLWLRQDO TXHVWLRQV ( WR ( DUH
DVNHG³7RZKDWH[WHQWGLG\RXH[SHULHQFHDFKDQJHRQ«"´UH
VSHFWLYHO\ WKH WUDQVSDUHQF\ RI SURSRVDOV GXULQJ WKH )60
SULFLQJSLORWWKHSURMHFWFRVWSHU)3PHDVXUHGLQHXURVSHU)3
DQGWKHSURMHFWGXUDWLRQSHU)3PHDVXUHGLQGD\VSHU)3
547RZKDWH[WHQWGRHV)60SULFLQJKHOSWRFUHDWHFRVW
DQGWLPHLPSURYHPHQWV"LVDQVZHUHGE\SHUIRUPLQJTXDQWLWD
WLYHDQDO\VLVRISURMHFWGDWD:HDQDO\]HWKHSHUIRUPDQFHRI
ILQDOL]HGVRIWZDUHHQJLQHHULQJSURMHFWV)RURXUVWXG\ZHXVH
GDWD RI WKUHH FDWHJRULHV RI VRIWZDUH HQJLQHHULQJ SURMHFWV DOO
SHUIRUPHGZLWKLQ&203$1<&
 5HSRVLWRU\GDWDRIKLVWRULFSURMHFWVLQWKHSHULRGSUHFHGLQJ
)60SULFLQJQRWSHUIRUPHGE\6833/,(56Q 
 %DVHOLQHGDWDRIILQDOL]HGSURMHFWVSHUIRUPHGE\6833/,(56
XVHGWRSUHSDUHWKH)60SULFLQJEDVHOLQHQ 
 3LORWGDWDRIILQDOL]HGSURMHFWVSHUIRUPHGGXULQJWKHSLORW
WKDWDUHLQVFRSHRI)60SULFLQJQ 
 2SHUDWLRQDOGDWDRISURMHFWVILQDOL]HGGXULQJWKHVL[PRQWKV
IROORZLQJWKHSLORWLQVFRSHRI)60SULFLQJQ 
,QRUGHUWREHQFKPDUNWKHRXWFRPHVRIWKHTXDOLWDWLYHDQDO
\VLVZLWKLQGXVWU\SHHUJURXSVZHXVHDUHVHDUFKUHSRVLWRU\RI



 FRPSDUDEOH SURMHFWV IURP RWKHU FRPSDQLHV WKDW ZH FRO
OHFWHGLQHDUOLHUUHVHDUFK>@$OOFRPSDUHGSHHUJURXSSURMHFWV
IURP WKLV EHQFKPDUN UHSRVLWRU\ FRQGXFWHG VRIWZDUH HQJL
QHHULQJ LQ EXVLQHVV HQYLURQPHQWV 3HHU JURXS SURMHFWV ZHUH
PHDVXUHG FROOHFWHG DQG UHFRUGHG LQ WKH VDPH ZD\ DV FRQ
GXFWHGLQWKLVFDVHVWXG\
,9 5(68/76
$ &DVHDQG6XEMHFWGHVFULSWLRQV
,QWKLVVHFWLRQZHUHSRUWUHVXOWVEDVHGRQWKHWKUHHUHVHDUFK
TXHVWLRQVRIRXUVWXG\:HVHQWVXUYH\UHTXHVWVE\HPDLOWR
HPSOR\HHVRI&203$1<&DQGHPSOR\HHVRI6833/,(56:H
VHOHFWHGWKHVHVWDNHKROGHUVEHFDXVHWKH\DUHDOOLQYROYHGLQWKH
)60SULFLQJSLORW7ZHQW\VHYHQVXUYH\VDUHUHWXUQHGRI
ZKLFKDUHDVVHVVHGWREHLQFRPSOHWHUHVSRQGHQWVRQO\QRWHG
WKDWWKH\NQHZWRROLWWOHRIWKHVXEMHFWVXUYH\VDUHFRPSOHWHG
FRPSOHWLRQ UDWH  WKH DQDO\VLV LQ WKLV VWXG\ LV EDVHG RQ
WKHVH FRPSOHWHG VXUYH\VRQO\ 7$%/( ,, VXPPDUL]HV WKHEDFN
JURXQGVRIWKHUHVSRQGHQWVWKDWFRPSOHWHGWKHVXUYH\
%HVLGHVWKHUHVXOWVRIWKHVXUYH\UDWLQJVZHFROOHFWHGDODUJH
DPRXQWRIRSHQHQGHGWH[WIURPRXUVXUYH\7KHILUVWRSHQTXHV
WLRQ³:KDWLVJRLQJZHOOGXULQJWKH)60SULFLQJSLORWWKDWZH
ZDQW WR FRQWLQXH"´ UHVXOWHG LQ  DQVZHUV 7KH VHFRQG RSHQ
TXHVWLRQ³:KDWLVQRWJRLQJZHOOGXULQJWKH)60SULFLQJSLORW
WKDWZHZDQWWRIL["´UHVXOWHGLQDQVZHUVDQGDQVZHUVZHUH
JLYHQ WR WKH TXHVWLRQ ³:KDW FDQ ZH GR WR LPSURYH )60
SULFLQJ"´,QWRWDOZRUGVZHUHSURGXFHG,QWKLVVHFWLRQZH
ODEHOUHVSRQGHQWVDV3WKURXJK3DQGZHLQFOXGHUHVXOWVIURP
WKHRSHQWH[WDQDO\VLVZKHUHDSSOLFDEOH7RDQDO\]HWKHIUHHWH[W
DQVZHUVZHDGRSWWKHFRGLQJWHFKQLTXHGHVFULEHGE\5XQHVRQ
HWDO>@:HDSSO\KLJKOHYHOFRGHVDQGPHGLXPOHYHOFRGHV
DQGFRXQWWKHIUHTXHQF\RIHDFKFRGH$VXPPDU\RIWKHUHVXOWV
RIWKLVDQDO\VLVLVVKRZQLQ7$%/(,
% 5HVXOWVRIWKH4XDOLWDWLYH$QDO\VLV
$VLVFRPPRQLQFDVHVWXGLHVDQVZHUVRQVXUYH\VFRQWDLQD
VXEVWDQWLDOHOHPHQWRIQDUUDWLYH$VWKHVHDUHUHSUHVHQWDWLYHVRI
WKHFRPSOH[LWLHVDQGFRQWUDGLFWLRQVRIUHDOOLIHZHLQFOXGHDVH
OHFWLRQRIVWDWHPHQWVPDGHE\WKHVXUYH\UHVSRQGHQWVLQWKHVHF
WLRQRQRSHQHQGHGWH[WDQDO\VLVLQRXUSDSHU:HWU\WRLQFOXGH
H[DPSOHVRIUHVSRQGHQWVWDWHPHQWVWKDWDSSO\WRGLIIHUHQFHVDV
ZHOODVVLPLODULWLHV
7$%/( ,,, VXPPDUL]HV WKH VXUYH\ UHVXOWV7KH WZR ODVWFRO
XPQVVKRZ(IIHFW6L]HFDOFXODWHGDVWZRPHDVXUHVIRUHDFK
VXUYH\WRSLFWKHGLIIHUHQFHEHWZHHQWKHPHDQ&203$1<&VFRUH
DQGWKHPHDQ6833/,(56VFRUHDQGIRUHDFKVXUYH\WRSLFWKH
GLIIHUHQFHEHWZHHQ WKHPHDQ0DQDJHPHQWVFRUHDOOVFRUHVRI
UHVSRQGHQWV ZLWK WKH SURILOH 2YHUDOO ,7PDQDJHPHQW )3$
0HDVXUHPHQW7HDP3RUWIROLR0DQDJHPHQWDQG2WKHUDQG'H
YHORSPHQWDOOVFRUHVRIUHVSRQGHQWVZLWKWKHSURILOH'DWD:DUH
KRXVH7HDPDQG&50%LOOLQJ7HDP$QHJDWLYH(IIHFW6L]H
LQGLFDWHV&203$1<&0DQDJHPHQWUHVSRQGHQWVDUHOHVVVDWLV
ILHGZLWKDVXUYH\WRSLFWKDQ6833/,(56'HYHORSPHQWUHVSRQG
HQWV$SRVLWLYH(IIHFW6L]HLQGLFDWHV&203$1<&0DQDJHPHQW
UHVSRQGHQWVDUHPRUHVDWLVILHGZLWKDVXUYH\WRSLFWKDQ6833/,(5
6'HYHORSPHQWUHVSRQGHQWV
:H IRXQG WKH IROORZLQJ ZLWK UHJDUG WR VDWLVIDFWLRQ ZLWK
)60SULFLQJEDVHGRQDQDO\VLVRIWKHVXUYH\UHVXOWV
 ZDQW)60SULFLQJDVRSHUDWLRQDOSUDFWLFH
2QWKHTXHVWLRQ³6KRXOG)60SULFLQJEHFRQWLQXHGDVDQRS
HUDWLRQDO SUDFWLFH RQFH WKH SLORW LV ILQDOL]HG"´  DQVZHUHG
³<HV´DQVZHUHG³2NEXWZLWKLPSURYHPHQWSRLQWVHJLQ
FOXGHHIIRUWRIQRQIXQFWLRQDOUHTXLUHPHQWV´
 )3$LVDSSUHFLDWHGE\ERWKSDUWLHV
%RWK&203$1<&DQG6833/,(56UHVSRQGHQWVDSSUHFLDWHWKH
DSSOLHG)3$PHWKRG,)38*HVWLPDWHGFRXQWVEDVHGXSRQWKH
KLJKHVW RYHUDOOPHDQ VFRUH RI WKH VXUYH\ %HVLGHV WKDW
ERWKSDUWLHVDSSUHFLDWHWKHTXDOLW\RIWKHIXQFWLRQSRLQWDQDO\VHV
WKDWDUHSHUIRUPHGE\6833/,(56DQGWKHUHYLHZVGRQHE\
&203$1<&
 4XDOLWDWLYHDQDO\VLVFRQILUPHGWKLVILQGLQJ0DQ\UHVSRQG
HQWVFRQVLGHUHGWKHTXDOLW\RIWKH)3$KLJK
*RRG)XQFWLRQ3RLQWUHYLHZE\&203$1<&DQG6833/,(56)3$
WHDPVEHIRUHSURSRVDOVXEPLVVLRQ3
$SSUHFLDWHWKHZD\)XQFWLRQ3RLQWFRXQWLQJLVGRQHE\6833/,(56
3
 0DQ\UHPDUNVPDGHE\UHVSRQGHQWVZHUHUHODWHGWRUHTXLUH
PHQWVZKLFKPDNHVVHQVHVLQFHUHTXLUHPHQWVXVXDOO\DUHWKHED
VLV IRU SURMHFW SURSRVDOV $ QRWHZRUWK\ VLGHHIIHFW RI )60
7$%/(, 6800$5<2)7+(23(1(1'('7(;7$1$/<6,6
&DWHJRU\1DPH0HGLXP/HYHO&RGH
,QWHUDFWLRQVFRPPXQLFDWLRQVSHRSOH
,PSURYHGSURSRVDOWUDQVSDUHQF\
,PSURYHNQRZOHGJHRI)XQFWLRQ3RLQW$QDO\VLVDQG)60SULFLQJ
'LVFXVVLRQRQVL]HZKHQORZHUSULFHLVH[SHFWHGRURQZDLYHUV
2UJDQL]DWLRQSURFHVVHV
8QLIRUPVWDQGDUGDQGVLPSOLILHGSURFHVV
7RRVPDOOSURMHFWVQRIRFXVRQUHOHDVHEDVHGZRUNLQJ
'HOD\GXHWRVHDUFKIRUFODULW\DQGUHYLHZ
,PSURYHSULFLQJWDEOHVHJEHQFKPDUNLQJPRUHUHDOLVWLFILJV
3URPRWHUHOHDVHEDVHGZRUNLQJEDVHGRQVL]H
3URPRWHSULFLQJWDEOHVEDVHGRQDSSOLFDWLRQVWHFKQRORJ\
0HDVXUHPHQWV
3HUIRUPJDSDQDO\VLVRQ)60SULFHYHUVXVDFWXDOHIIRUWVSHQW
5HTXLUHPHQWV
)60SULFLQJGRHVQRWFRYHUQRQIXQFWLRQDOUHTXLUHPHQWV
/RZUHOLDELOLW\RI)60SULFLQJZKHQFRPSDUHGWRDFWXDOHIIRUW
,PSURYHG5HTXLUHPHQW0DQDJHPHQW
$UWLIDFWV
*RRGTXDOLW\RI)XQFWLRQ3RLQW$QDO\VLVSURFHVVDQGSURGXFWV

7$%/(,, %$&.*5281'6)5206859(<5(6321'(176
5HVSRQGHQWEDFNJURXQG
&203$1<&
Q 
6833/,(56
Q 
2YHUDOO,7PDQDJHPHQW  
)3$0HDVXUHPHQW7HDP  
3RUWIROLR0DQDJHPHQW  
'DWD:DUHKRXVH7HDP  
&50%LOOLQJ7HDP  
2WKHU  




SULFLQJLVWKDWUHVSRQGHQWVH[SHULHQFHGDQLPSURYHPHQWRIWKH
UHTXLUHPHQWPDQDJHPHQWSURFHVVGXULQJWKHSLORW
0RVWRIWKHGHWDLOVDUHVRUWHGRXWDWWKHWLPHRISURSRVDOV(DUOLHU
WKHVHGHWDLOVZHUHGLVFXVVHGLQGHVLJQSKDVH3
7KH VROXWLRQ LV ORRNHG LQWRPRUH GHWDLO LQRUGHU WRJHW WKH ULJKW
)XQFWLRQ3RLQWVDWWKHSURSRVDOVWDJHLWVHOI7KLVKHOSVLQHDUO\GH
WHFWLRQRILVVXHVDQGUHVROXWLRQ3
7KLV SRVLWLYH HIIHFW RQ UHTXLUHPHQWV PDQDJHPHQW PLJKW
HYHQEHRQHRIWKHPDLQUHDVRQVIRU)60SULFLQJVXFFHVV
 &203$1<&PDQDJHPHQWFRYHUDJHQHHGVLPSURYHPHQW
 &RYHUDJHLVDERXWWKHQXPEHURISURMHFWVLQ&203$1<&µV,7
SRUWIROLR WKDW LVVXEMHFWRI)60SULFLQJ%DVHGRQDUHODWLYHO\
ORZPHDQYDOXHIRU&203$1<&FRPELQHGZLWKDQ(IIHFW
6L]HRIEHWZHHQ&203$1<&DQG6833/,(56ZHFRQFOXGH
WKDWUHVSRQGHQWVIURP&203$1<&DUHPRUHWKDQDYHUDJHGLVVDW
LVILHGDERXW WKHFRYHUDJHRI)60SULFLQJ$Q(IIHFW6L]HRI 
EHWZHHQ0DQDJHPHQWDQG'HYHORSPHQWLQGLFDWHVWKDWFRY
HUDJHLVDPDQDJHPHQWUDWKHUWKDQDGHYHORSHUFRQFHUQ
 :HFRQMHFWXUHDFRQQHFWLRQZLWK ORZUDWLQJRI WKHZDLYHU
SURFHGXUH E\ &203$1< & UHVSRQGHQWV WKLV SURFHGXUH DOORZV
6833/,(56 WRH[FOXGHDSURMHFW IURP)60SULFLQJ$VWDQGDUG
ZDLYHULVDSSOLHGIRULQIUDVWUXFWXUHSURMHFWVFRQILJXUDWLRQSUR
MHFWV DQG SURMHFWV H[HFXWHG E\ RWKHU H[WHUQDO VXSSOLHUV $OVR
TXDOLWDWLYH DQDO\VLV UHYHDOHG LQGLFDWLRQV WKDW RQJRLQJ GLVFXV
VLRQVWHQGWREHUHODWHGZLWKZDLYHUUHTXHVWV
 0DQ\RQJRLQJGLVFXVVLRQVRQZDLYHUUHTXHVWVRFFXU3
 6833/,(56GHYHORSPHQWUHOLDELOL\QHHGVLPSURYHPHQW
 ,Q WKH FRQWH[W RI )60SULFLQJ E\ UHOLDELOLW\ ZH PHDQ
ZKHWKHUUHVSRQGHQWVH[SHULHQFHWKHRXWFRPHRI)60SULFLQJWR
EHLQOLQHZLWKWKHLURZQMXGJPHQW6833/,(56GHYHORSHUVVHHP
GLVVDWLVILHGZLWK)60SULFLQJZKHUHLWFRPHVWRUHOLDELOLW\3UR
SRVDOSURFHVV(IIHFW6L]HERWKSULFLQJWDEOHVDQG
UHOLDELOLW\RI)60SULFLQJDQGVHWXSRIEDVHOLQHV
DUHDOOUDWHGORZ:HEHOLHYHWKHVHDUHFRQQHFWHGEXWZH
GLGQRWILQGHYLGHQFHIRUWKLVLQRXUGDWD
 /RRNLQJ DW WKLV DVSHFW IXUWKHU LQ WKH TXDOLWDWLYH DQDO\VLV
VKRZVDIHHOLQJRIGLVDJUHHPHQWEHWZHHQWKHRXWFRPHRI)60
SULFLQJ DQG HIIRUWEDVHG HVWLPDWHV 0DQ\ UHVSRQGHQWV HVSH
FLDOO\IURP6833/,(56PHQWLRQWKDW)60SULFLQJGRHVQRWFRYHU
1RQ)XQFWLRQDO5HTXLUHPHQWVDQGFRPSOH[LW\WHFKQRORJ\
)3$LVQRWDSSOLFDEOHWRSURMHFWVZKHUHPRUHWHVWLQJHIIRUWVDUHUH
TXLUHGIRUOHVVGHYHORSPHQWFKDQJHV3
$OO WKHSURMHFWVGRKDYHGLIIHUHQWQRQIXQFWLRQDO UHTXLUHPHQWVRU
WHFKQRORJ\GXHWRWKLVWKHHIIRUWVGLIIHUV3
7KHFRPSOH[LW\RIWKHFKDQJHGFRGHGRHVQRWPDWFKZLWKWKHDPRXQW
RIIXQFWLRQDOLW\WREHFKDQJHGFDXVLQJDGLVSDULW\3
7$%/(,,, 6859(<5(68/76
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
 :H LGHQWLILHG RQH VSHFLILFPHDVXUHPHQWUHODWHG LVVXH WKH
ZLVKWRSHUIRUPDJDSDQDO\VLVWRILQGDQ\GLIIHUHQFHVEHWZHHQ
)60SULFLQJSURSRVDOVDQGDFWXDOHIIRUWVSHQWLQDSURMHFW
7RNHHS WKH FRXQWLQJ VLPSOHZHDUH FRQVLGHULQJDOO WKH UHTXLUH
PHQWVDUHDWDYHUDJHOHYHOZHPD\QHHGWRSHUIRUPJDSDQDO\VLVLI
WKHUHTXLUHPHQWVPL[LVUHDOO\DYHUDJLQJRXWRQHIIRUWV3
&URVVYHULILFDWLRQZLWKDFWXDOVWRZDUGVWKHHQGRISURMHFWWRUHYDO
LGDWHWKHHVWLPDWHVZRXOGEHDQLPSURYHPHQW3
 :HLGHQWLILHGDQHHGIRUJDSDQDO\VLVLQRUGHUWRLGHQWLI\GLI
IHUHQFHVEHWZHHQHVWLPDWHGSURMHFWFRVWDQGDFWXDOHIIRUW:H
FRQVLGHUFRQGXFWLQJWKLVJDSDQDO\VLVDVIXWXUHUHVHDUFK
 :LWKUHJDUGWRWKHH[SHULHQFHGWUDQVSDUHQF\RISURMHFWSUR
SRVDOVZHREVHUYHGRQHPDMRUILQGLQJ
 H[SHULHQFHGLPSURYHGSURSRVDOWUDQVSDUHQF\
0DQ\UHVSRQGHQWVH[SHULHQFHGDQLPSURYHPHQWRIWKHWUDQV
SDUHQF\RISURMHFWSURSRVDOVGXULQJWKH)60SULFLQJSLORW
VDLGWUDQVSDUHQF\LPSURYHGVDLGJUHDWO\LPSURYHG4XDO
LWDWLYHDQDO\VLVFRQILUPHGWKLVILQGLQJ5HVSRQGHQWVPHQWLRQLP
SURYHGWUDQVSDUHQF\DVDSRVLWLYHRXWFRPHRIWKH)60SULFLQJ
SLORW
 $JRRGSRLQWLVWKDWWKHUHLVOHVVGLVFXVVLRQ3
 6RPHUHVSRQGHQWVVHHLPSURYHGWUDQVSDUHQF\DVDGULYHUIRU
EHWWHUUHTXLUHPHQWVRUWRVROYHGLVDJUHHPHQWVEHWZHHQFXVWRPHU
DQGVXSSOLHU
,QVWHDGRISODLQOLVWRIHQWLWLHVWKDWZHZHUHPDLQWDLQLQJLQZRUN
EUHDNGRZQVWUXFWXUHHQWLWLHVZHQRZKDYHFODULW\RQZKDWNLQGRI
IXQFWLRQDOLW\LVJHWWLQJGHOLYHUHG3
)XQFWLRQSRLQWVDQDO\VLVVRPHWLPHVLVDFRQVWUXFWLYHDUJXPHQWLQ
FDVHRIGLVDJUHHPHQW3
 :HREVHUYHGWKHIDFWWKDW)60SULFLQJLVH[SHULHQFHGDVD
XQLIRUPVLPSOLILHGSURFHVVLVRQWRSRIUHVSRQGHQWV¶OLVW
)60SULFLQJLVDVLQJOHSRLQWIRUWKHILQDOHVWLPDWLRQDQVZHUDEOH
WRDOO VWDNHKROGHUV 7KH HVWLPDWLRQ UHYLHZSURFHVVEHFRPHV YHU\
VLPSOH $ VWDQGDUGL]HG SURFHVVZKLFK FDQ EH WUXVWHG IURPERWK
YHQGRUDQGFOLHQWVWDNHKROGHUV3
8QLIRUPLW\LQSULFLQJDSSURDFKDVLWGRHVQRWGHSHQGRQLQGLYLGXDO
FRPSRQHQWVWRGHULYHWKHLUHIIRUWV3
$YRLGGHOD\VDQGEXGJHWRYHUUXQVDVHVWLPDWLRQFDQEHGRQHDWDQ
LQLWLDOVWDJHDJDLQVWWDVNEDVHG3
& 5HVXOWVRIWKH4XDQWLWDWLYH$QDO\VLV
'DWD IURPIRXUFDWHJRULHVRIVRIWZDUHHQJLQHHULQJSUR
MHFWVDUHXVHGIRUTXDQWLWDWLYHDQDO\VLVRISURMHFWGDWDUHVS5H
SRVLWRU\%DVHOLQHDQG3LORW,Q7$%/(9ZHVXPPDUL]HWKHSHU
IRUPDQFHLQGLFDWRUVIRUWKHVHIRXUSURMHFWFDWHJRULHV7KHDQDO
\VLVUHVXOWHGLQWKHIROORZLQJILQGLQJV
 3URMHFW'XUDWLRQSHU)3QRWLQV\QFZLWKSHHUJURXSV
$QDO\VLVRIWKHSHUIRUPDQFHRIWKHVRIWZDUHHQJLQHHULQJSUR
MHFWVRI&203$1<&VKRZVWKDWDOWKRXJKWKHSURMHFWFRVWDUHLQ
OLQHZLWK WKH SUHYDLOLQJPDUNHW WKHRUJDQL]DWLRQ VXIIHUV IURP
SURMHFWGXUDWLRQVWKDWDUHVXEVWDQWLDOO\ORQJHUWKDQWKRVHRISHHU
JURXSVLQLQGXVWU\$QH[WHUQDOEHQFKPDUNDJDLQVWKLVWRULFGDWD
RIILQDOL]HGVRIWZDUHHQJLQHHULQJSURMHFWV>@IURPGLIIHU
HQWFRPSDQLHVVKRZVWKDWDPDMRULW\RIWKHILQDOL]HGSURMHFWVRI
&203$1<& DUH FRVW HIIHFWLYH DYHUDJH3URMHFW &RVW SHU )3 LV
EHWWHUWKDQWKHSHHUJURXSVVHH7$%/(9,\HWSURMHFWGX
UDWLRQVDUH ORQJHU WKDQWKHDYHUDJHRI WKH WRWDOUHVHDUFKJURXS
DYHUDJH3URMHFW'XUDWLRQSHU)3LVPRUHWKDQWZLFHWKDWRIWKH
SHHUJURXSVVHH7$%/(9,7KLVILQGLQJLVDSSOLFDEOHWRDOOIRXU
FDWHJRULHVRIVRIWZDUHSURMHFWVSHUIRUPHGZLWKLQ&203$1<&LQ
RXUUHVHDUFKUHSRVLWRU\\HW3URMHFW'XUDWLRQSHU)3LVZRUVHQLQJ
GXULQJWKHSLORW
:HSORWERWKDOO&203$1<&DQGSHHUJURXSSURMHFWVLQD&RVW
'XUDWLRQ0DWUL[VHH),*85( >@7KLVPDWUL[ VKRZV IRU
HDFKSURMHFWWKHPHDVXUHRIGHYLDWLRQIURPWKHDYHUDJHWUHQGOLQH
DYHUDJHRISHHUJURXSSURMHFWVSOXV&203$1<&SURMHFWVH[
SUHVVHGLQDSHUFHQWDJHQHJDWLYHZKHQEHORZWKHDYHUDJHWUHQG
OLQHSRVLWLYHZKHQDERYHWKHWUHQGOLQH7KHPDWUL[LVGLYLGHGLQ
IRXUTXDGUDQWV(DFKTXDGUDQWLVFKDUDFWHUL]HGE\WKHPHDVXUH
RIQHJDWLYHRUSRVLWLYHGHYLDWLRQIURPWKHDYHUDJHWUHQG:KHQ
DQDO\]HGLWVKRZVWKDWRIWKHSURMHFWVLVDVVHVVHGWRKDYHD
ORQJHUWKDQDYHUDJHGXUDWLRQRIWKHSURMHFWVDUHLQWKH%DG
3UDFWLFHTXDGUDQWWKHVHSURMHFWVSHUIRUPLQERWKFRVWDQGGXUD
WLRQZRUVHWKDQDYHUDJHHQGVXSLQWKHTXDGUDQW&RVWRYHU
7LPH FRVWV DUH OHVV WKDQ DYHUDJH \HW SURMHFW GXUDWLRQ WDNHV
ORQJHUWKDQDYHUDJH'XHWRWKHVHGHYLDWLQJSHUFHQWDJHVZHDU
JXH WKDW &RPSDQ\$¶V3URMHFW'XUDWLRQ SHU )3PHDVXUHG LQ
GD\V SHU )3 LV QRW LQ V\QFZLWK LWV SHHU JURXSV &203$1<&
VKRXOGLPSURYHLWV3URMHFW'XUDWLRQSHU)3LQRUGHUWRVWD\FRP
SHWLWLYHLQWKHPDUNHW
2XUDQDO\VLVLVWKDWWKHEDG3URMHFW'XUDWLRQSHU)3LVFDXVHG
E\ WZR SUREOHPV )LUVW WKH FRPELQHG UHOHDVH DSSURDFK RI
&203$1<& FDXVHV ZDLWLQJ WLPH ZDVWH DQG XQQHFHVVDU\ GH
SHQGHQFLHVEHWZHHQSURMHFWV6HFRQGDYHUDJHSURMHFWGXUDWLRQ
FRQIRUPLQGXVWU\\HWFRPELQHGZLWKVPDOODYHUDJHSURMHFWVL]H
FDXVHDEDG'XUDWLRQSHU)3DVLOOXVWUDWHGLQWKHIROORZLQJ
 6PDOOSURMHFWVEORFNLPSURYHPHQW
$ILQGLQJZLWKUHJDUGWRSURMHFWVL]HLVWKDWIURP4
RQZDUGV VXEVWDQWLDOO\PRUH YHU\ VPDOO SURMHFWV HJ SURMHFWV
VPDOOHUWKDQ)3VDUHSHUIRUPHG:HGLGQRWILQGDQ\UHDVRQ
WKDW FRXOG H[SODLQ WKLV UHGXFWLRQ RI SURMHFW VL]H $OWKRXJK
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VPDOOHUSURMHFWVDUHIURPDFRVWSRLQWRIYLHZDGYDQWDJHRXVIRU
6833/,(56SRUWIROLRPDQDJHUVRI&203$1<&DUHUHVSRQVLEOHIRU
WKHFRQVWUXFWLRQRIDVSHFLILFUHOHDVHSRUWIROLRDQXPEHURISUR
MHFWVFRPELQHG LQRQHUHOHDVH WREHGHOLYHUHGDWRQHVSHFLILF
PRPHQW 7KH LGHD WKDW VPDOO SURMHFWV IURP DQ HFRQRP\RI
VFDOHSHUVSHFWLYHVKRXOGEHFRPELQHGLVPHQWLRQHGE\VRPHUH
VSRQGHQWVLQWKHRSHQHQGHGWH[WDVZHOO
6833/,(56GLYLGHVWKHRIIHULQVPDOOSLHFHVZHPXVWKDYHUHOHDVH
EDVHGIXQGLQJWRPDNHXVHRIHFRQRP\RIVFDOH3
7RRPDQ\VPDOOSURMHFWVDUHQHJDWLYHIRU&203$1<&GXHWRHFRQ
RP\RIVFDOHHIIHFWV3
:H REVHUYHG WKDW LQ  WKH WKURXJKSXW WRWDO GHOLYHUHG
QXPEHU)3VLVDSSUR[LPDWHO\ORZHUWKDQLQWKHSUHFHGLQJ
\HDUVVHH7$%/(,92QHFDQDUJXHWKDWWKHPD\EHUDWKHUULJLG
DSSURDFK RI )60SULFLQJ LV QRW VXIILFLHQWO\ HQFRXUDJLQJ IRU
6833/,(56GXHWRDVRPHZKDWVLQJOHVLGHGIRFXVRQFRVWUHGXF
WLRQ+RZHYHU &203$1<&SURPRWHV WKH LGHD WKDW GHOLYHU\ RI
PRUHWKURXJKSXWZKHUHDSSOLFDEOHLVGHVLUHG/RRNHGXSRQIURP
WKLVVLGH)60SULFLQJXQGHUOLQHVWKHGHOLYHU\RIPRUHYDOXHIRU
OHVVPRQH\DQGDWWKHVDPHWLPHLWUHZDUGVWKURXJKSXWHQODUJLQJ
E\FUHDWLQJPRUHWXUQRYHUIRUWKHVXSSOLHU
 &RVWLPSURYHV\HW'XUDWLRQGRHVQRW
/RRNLQJDWFRVWDQGGXUDWLRQRYHUWLPHVHH7$%/(9ZHILQG
WKDW&RVWSHU)3WKHFRVWSHU)3PHDVXUHGRYHUWKHZKROHSUR
MHFWOLIHF\FOHIURPLQLWLDWLRQWRWHFKQLFDO*R/LYHLPSURYHVE\
LQRQZDUGVFRPSDUHGWRWKH\HDUVEHIRUH+RZHYHU
'XUDWLRQSHU)3LVQRW1H[WWRRXUILQGLQJWKDW'XUDWLRQSHU)3
LVVXEVWDQWLDOO\KLJKHUWKDQWKDWRIWKHSHHUJURXSVQRVXVWDLQHG
LPSURYHPHQWVZLWKUHJDUGWRSURMHFWGXUDWLRQVDUHVHHQZKHQDV
VHVVHGRYHUWLPH'XUDWLRQSHU)3VKRZVDZRUVHQLQJWUHQG$V
GLVFXVVHGEHIRUHWKHVPDOOVL]HRIPDQ\SURMHFWVDQGWKHDPRXQW
RIZDVWHLQSURMHFWVSOD\VDQLPSRUWDQWUROHKHUH
9 ',6&866,21
$QDO\VLVZLWKUHJDUGWR547RZKDWH[WHQWDUHERWKSDUWLHV
LQYROYHGLQWKHFDVHVWXG\VDWLVILHGZLWK)60SULFLQJ"UHVXOWHG
LQ IRXU ILQGLQJV )LUVW RI WKH UHVSRQGHQWV RI RXU VXUYH\
ZDQW)60SULFLQJDVDQRSHUDWLRQDOSUDFWLFHRQFHWKH)60SLORW
LVILQDOL]HG6HFRQGWKHDSSOLHGPHWKRGIRU)3$LQFOXGLQJWKH
FRXQWLQJLWVHOIDVSHUIRUPHGE\DQG6833/,(56DQGWKHUHYLHZE\
&203$1<& LVDSSUHFLDWHGKLJKO\E\ERWKUHVSRQGHQWVRIERWK
SDUWLHV7KLUGFRYHUDJHRI)60SULFLQJZLWKUHJDUGWR&203$1<
&¶V ,7SRUWIROLR LV H[SHULHQFHG DV WREH LPSURYHGPDLQO\ E\
PDQDJHUVIURP&203$1<&$GGLWLRQDODQDO\VLVRIWKHPHDVXUH
RI FRYHUDJH RI )60SULFLQJ ZLWK UHJDUG WR WKH ,7SRUWIROLR
VKRZVWKDWDWILQDOL]DWLRQRIWKH)60SULFLQJSLORWRIDOO,7
SRUWIROLR FRVWVZHUH FDOFXODWHGEDVHG RQ)60SULFLQJ$W WKH
HQGRIWKH2SHUDWLRQDOSHULRGHQGWKHFRYHUDJHZDVLP
SURYHGWR7KHUHPDLQLQJLVDPRQJRWKHUVUHODWHGWR
LQIUDVWUXFWXUH  VXSSRUW  WKLUGSDUW\SURMHFWV
DQGVPDOOLQQRYDWLRQV
)RXUWKGHYHORSHUVIURP6833/,(56DUHGLVVDWLVILHGZLWKWKH
UHOLDELOLW\RI)60SULFLQJ7KHPDMRUUHDVRQIRUWKLVVHHPVWREH
WKDWWKH\H[SHULHQFHOLWWOHSRVVLELOLWLHVWRLQFRUSRUDWHQRQIXQF
WLRQDOUHTXLUHPHQWVDQGFRPSOH[LW\LQSURMHFWSURSRVDOV)URPD
VWDWLVWLFDOSRLQWRIYLHZDOOSURMHFWVDUHWUHDWHGDVDYHUDJHZKHUH
QRQIXQFWLRQDO UHTXLUHPHQWVDQGUHODWHGFRPSOH[LW\DUH LQFRU
SRUDWHGLQERWKWUHQGOLQHV7RILQDOL]HRXUGLVFXVVLRQRQ54
DQDGGLWLRQDOSRVLWLYHVLJQDOZLWKUHJDUGWRWKLVLVWKDWDIWHUHYDO
XDWLRQRIWKH)60SULFLQJSLORWERWK&203$1<&DQG6833/,(56
DJUHHGXSRQFRQWLQXDWLRQRIWKHDSSURDFKDVDQRSHUDWLRQDOSUDF
WLFH
:LWKUHJDUGWR547RZKDWH[WHQWGRHV)60SULFLQJKHOS
WR LPSURYH WUDQVSDUHQF\ RI SURMHFW SURSRVDOV" D QRWHZRUWK\
ILQGLQJZDVWKDWDODUJHPDMRULW\RIWKHUHVSRQGHQWVRIWKH
VXUYH\H[SHULHQFHGWKDWWUDQVSDUHQF\RISURMHFWSURSRVDOVLVLP
SURYHGGXULQJWKH)60SULFLQJSLORW:HREVHUYHGWKDWWKHPD
MRULW\RIGLVFXVVLRQVPRYHGIURPHIIRUWDQGSULFHHVWLPDWHWR
ZDLYHUUHTXHVWVDQGJHWWLQJUHTXLUHPHQWVUHDG\IRU)3$1RWH
ZRUWK\LVWKDW)3$VHHPVWRKDYHDSRVLWLYHHIIHFWRQUHTXLUH
PHQWVPDQDJHPHQW
/RRNLQJDW547RZKDWH[WHQWGRHV)60SULFLQJKHOSWR
FUHDWHFRVWDQGWLPHLPSURYHPHQWV"TXDQWLWDWLYHDQDO\VLVRIWKH
SHUIRUPDQFHRIWKH&203$1<&SURMHFWVWDXJKWXVWKDW&RVWSHU
)3LPSURYHGGXULQJWKHVWXG\ZKHUH'XUDWLRQSHU)3LVQRWLP
SURYLQJRYHUWLPHWKLVHYHQVKRZVDGHWHULRUDWLRQ7KLVGHWHUL
RUDWLRQKRZHYHUVHHPVWREHFDXVHGE\WKHIDFWWKDWDYHUDJHSUR
MHFWVL]HJHWVVPDOOHUGXULQJWKHVWXG\ZKLOHDYHUDJHSURMHFWGX
UDWLRQVLPSURYHQRWDEO\RYHUWLPHDYHUDJHSURMHFWGXUDWLRQLQ
ZDVHYHQEHWWHUWKDQWKDWRISHHUJURXSVLQLQGXVWU\
$ (YDOXDWLRQRI9DOLGLW\
 &RQVWUXFWYDOLGLW\
:LWKUHJDUGWRWKHGHJUHHWRZKLFKDWHVWPHDVXUHVZKDWLW
FODLPVWREHPHDVXULQJDUHPDUNLVLQSODFHRQ)3$:HXVHG
7$%/(9 3(5)250$1&(29(5)285352-(&7&$7(*25,(6
3HUIRUPDQFH,QGLFDWRU 5S %O 3L 2S
1XPEHURISURMHFWVQ    
$YHUDJHSURMHFW6L]H)3    
3URMHFW&RVWSHU)3(85)3    
3URMHFW'XUDWLRQSHU)3'D\V)3    
$YHUDJHSURMHFW'XUDWLRQ0RQWKV    
5S 5HSRVLWRU\%O %DVHOLQH3L 3LORW2S 2SHUDWLRQDO
7$%/(,9 3(5)250$1&(29(57,0(
3HUIRUPDQFH,QGLFDWRU   'HOWD
1XPEHURISURMHFWVQ   QD
$YHUDJHSURMHFW6L]H)3   
7KURXJKSXW)3   
3URMHFW&RVWSHU)3(85)3   
3URMHFW'XUDWLRQSHU)3'D\V)3   
$YHUDJHSURMHFW'XUDWLRQ0RQWKV   
7KURXJKSXWSHUFHQWDJHLVFDOFXODWHGEDVHGRQH[WUDSRODWLRQSHU\HDU
7$%/(9, 3(5)250$1&(&203$5('723((5*52836
3HUIRUPDQFH,QGLFDWRU &203$1<& 3HHU*U 'HOWD
1XPEHURI3URMHFWVQ   QD
$YHUDJH3URMHFW6L]H)3   
3URMHFW&RVWSHU)3(85)3   
$YHUDJH3URMHFW&RVW.(XUR . . 
3URMHFW'XUDWLRQSHU)3'D\V)3   
$YHUDJH3URMHFW'XUDWLRQ0RQWKV   
3HUIRUPDQFHRI&RPSDQ\LQFRPSDULVRQZLWKSHHUJURXSSURMHFWVIURPRXUUHVHDUFKUHSRVLWRU\
2QO\ILQDOL]HGSURMHFWVWKDWZHUHSHUIRUPHGE\6833/,(56DUHLQFRUSRUDWHG
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IXQFWLRQDOGRFXPHQWDWLRQDVDVRXUFHIRU)3$DFRQVHTXHQFHLV
WKDW ORZTXDOLW\ GRFXPHQWDWLRQ FRXOG KDYH OHG WR ORZTXDOLW\
)3$VKRZHYHUZHWKRURXJKO\UHYLHZHGDOOVHWVRQFRPSOHWH
QHVV DQGFRUUHFWQHVV7ZR RXWRI IRXU )3$VSHFLDOLVWV
ZHUH FHUWLILHG \HW DOO LQYROYHG )3$ VSHFLDOLVWV ZHUH KLJKO\
WUDLQHGDQGH[SHULHQFHG)3FRXQWHUV:LWKUHJDUGWRTXDOLW\RI
GDWDZHDUJXHWKDWDOOSURMHFWGDWDZDVUHYLHZHGE\WKHDSSOLFD
EOH&203$1<&SURMHFWPDQDJHUDOOGDWDRQSURMHFWFRVWZDVUH
YLHZHGE\WKHILQDQFLDOFRQWUROOHURI&203$1<&DOOSURMHFWGDWD
ZDVSUHVHQWHGWRDQGGLVFXVVHGZLWK&203$1<&PDQDJHPHQW
 ,QWHUQDOYDOLGLW\
:H ZDUUDQWHG WKH H[WHQW WR ZKLFK D FDXVDO FRQFOXVLRQ LV
EDVHGRQRXUVWXG\E\QRUPDOL]LQJDOOSURMHFWGDWDZLWKWKHIXQF
WLRQDOVL]HLQ)3V,QWKLVZD\ZHZHUHDEOHWRREMHFWLYHO\FRP
SDUHSHUIRUPDQFHVRIDOOSURMHFWVLQRUGHUWRPLQLPL]HV\VWHP
DWLFHUURU%DVHGRQWKHQXPEHURIVRIWZDUHSURMHFWVWKHGLYHU
VLW\RISURMHFWVDQGEXVLQHVVGRPDLQVZLWKLQ&203$1<&DQGWKH
IDFWWKDWZHPHDVXUHGDQGDQDO\]HGVRIWZDUHSURMHFWSRUWIROLRV
DVDZKROHLQDQHPSLULFDOZD\ZHDUJXHWKDWWKHHIIHFWRIRXWOL
HUVLVOLPLWHGDQGWKDWWKHULVNRQELDVLVPLWLJDWHGUHVSRQVLEO\
 ([WHUQDOYDOLGLW\
:KHWKHUWKHVWXG\UHVXOWVFDQEHJHQHUDOL]HGWRVHWWLQJVRXW
VLGHWKHVWXG\ZHDUJXHWKDWGXHWRWKHOLPLWHGVFRSHRIWKHSHU
IRUPHGFDVH VWXG\ RQHVRXUFLQJFRPSDQ\DQGRQHPDLQVXS
SOLHULWLVWRRHDUO\WRJHQHUDOL]HWKHDERYHPHQWLRQHGILQGLQJV
WRRWKHUFRPSDQLHVDQGVXSSOLHUVRIVRIWZDUHSURMHFWV
% 5HODWLRQWR([LVWLQJ(YLGHQFH
)URPRXUDQDO\VLVRIUHODWHGZRUNLWLVFOHDUWKDWSULFLQJLQ
LWVHOILVDWRSLFWKDWKDVUHFHLYHGOLWWOHDWWHQWLRQIURPWKHUHVHDUFK
FRPPXQLW\<HWSULFLQJLVDWRSLFRIJUHDWSUDFWLFDOYDOXHZKLFK
VWURQJO\DIIHFWV WKHRXWFRPHVXFFHVVRU IDLOXUHRIDVRIWZDUH
GHYHORSPHQW SURMHFW 7KHPDQ\ EXGJHW RYHUUXQV UHSRUWHG IRU
VXFKSURMHFWVPD\YHU\ZHOOEHPRUHDWWULEXWDEOHWRLQDGHTXDWH
SULFLQJWKDQWRSRRUSURMHFWH[HFXWLRQ
& ,PSDFW,PSOLFDWLRQV
2XU UHVHDUFK VKRZV WKDW DQ HYLGHQFHEDVHG DSSURDFK LQ
ZKLFKKLVWRULFDOGDWDRQNH\SHUIRUPDQFHLQGLFDWRUVDUHXVHGLQ
FRPELQDWLRQZLWKDVLPSOHSRZHUUHJUHVVLRQFDQOHDGWRSULFHV
WKDWDUHVDWLVIDFWRU\WRERWKVXSSOLHUVDQGFRPPLVVLRQLQJSDUWLHV
,WHPSKDVL]HVDKROLVWLFDSSURDFKLQZKLFKSULFLQJLVFRQVLGHUHG
IRUWKHIXOO,7SRUWIROLRRIDQRUJDQL]DWLRQLQFRPELQDWLRQZLWK
DVXSSOLHU LQDQRXWVRXUFLQJUHODWLRQ$PDMRUSUHUHTXLVLWHIRU
WKLVDSSURDFKLVWKHDYDLODELOLW\RIKLVWRULFDOSURMHFWGDWD7KLV
LPSOLHV WKDW WKH DSSURDFK LV RQO\ DSSOLFDEOH WR RUJDQL]DWLRQV
ZLOOLQJDQGFDSDEOHWRDLPIRUDORQJWHUPVROXWLRQ
7KHQHHGIRUKLVWRULFDOSURMHFWGDWDLVOLNHO\DOVRRQHRIWKH
FDXVHVZK\SULFLQJKDVUHFHLYHGOLPLWHGDWWHQWLRQLQWKHUHVHDUFK
FRPPXQLW\IHZUHVHDUFKHUVKDYHDFFHVVWRVXFKGDWD$ZD\RXW
RIWKLVGLOHPPDPD\EHRSHQLQJXSSHUIRUPDQFHGDWDIRUJRY
HUQPHQWIXQGHGSURMHFWVPDNLQJWKHPDYDLODEOHIRUUHVHDUFKHUV
%HVLGHVEULQJLQJQHZUHVHDUFKLQVLJKWVWKLVPLJKWDOVRKHOSJRY
HUQPHQWVWRUHDFKPRUHDGHTXDWHSULFHVIRUWKHLU,7SURMHFWV
' /LPLWDWLRQV
7KHUHDGHU VKRXOGFRQVLGHU VHYHUDO OLPLWDWLRQVZKHQ LQWHU
SUHWLQJRXUUHVXOWV)LUVWWKHVXUYH\KDVOLPLWHGJHQHUDOL]DELOLW\
GXHWRWKHOLPLWDWLRQRIUHVSRQGHQWVWRVWDNHKROGHUV'HWHUPL
QDWLRQRIVXUYH\WRSLFVZDVGRQHE\PHPEHUVRIERWKPHDVXUH
PHQW WHDPV OLPLWHGE\ WKH OHQJWKRI WKH VXUYH\ PLQXWHV
)XUWKHU WKHUHVXOWVRIWKHUDWLQJVZLWKLQWKHVXUYH\KDYHWREH
ORRNHGXSRQZLWKORZVLJQLILFDQFHLQPLQG:HGLGQRWDVNUH
VSRQGHQWVWRFRQQHFWWKHLURSHQHQGHGWH[WGDWDZLWKWKHDQVZHUV
JLYHQLQWKHUDWLQJSDUWRIWKHVXUYH\
6HFRQGZHFRQGXFWHGWKHVWXG\RQO\ZLWKLQ&203$1<&DQG
6833/,(56VRWKHUHVXOWVPD\QRWJHQHUDOL]HHOVHZKHUH6LQFHZH
GLGQRWILQGDQ\RWKHUVWXG\RQDFRPSDUDEOHVLQJOHVWDWLVWLFDO
SULFLQJDSSURDFKZH FDQQRWSUHGLFWZKDW WKHRXWFRPHRIRXU
PHWKRGZLOOEHLQRWKHUFRPSDQLHV
7KLUGRXUVWXG\IRFXVHGRQWUDQVSDUHQF\RISURSRVDOVDQG
FRVW DQG GXUDWLRQ LPSURYHPHQW 7KH UHVSRQGHQWV PLJKW KDYH
EHHQ LQIOXHQFHG E\ WKLV IRFXV DQG HPSKDVL]H WKHVH DVSHFWV LQ
WKHLUDQVZHUV
9, &21&/86,216$1')8785(:25.
7KHNH\FRQWULEXWLRQVRIWKLVSDSHUDUH
54:HGHPRQVWUDWHWKDW)60SULFLQJLVVXFFHVVIXOO\XVHG
LQSUDFWLFHRICOMPANY C DQG SUPPLIER SDVDVWDWLVWLFDOHYL
GHQFHEDVHGSULFLQJDSSURDFKIRUVRIWZDUHSURMHFWSURSRVDOV
54:HVKRZWKDWXVLQJ)60SULFLQJDVDVLQJOH LQVWUX
PHQWZLWKRXWLQWHUYHQWLRQRIH[SHUWMXGJPHQWEDVHGRSLQLRQV
OHDGVLQCOMPANY C DQG SUPPLIER SWRDQLPSURYHGWUDQVSDUHQF\
RI SURMHFW SURSRVDOV DQG VDWLVILHG VWDNHKROGHUV IURPERWK WKH
FXVWRPHUDQGWKHVXSSOLHU
54:HGHPRQVWUDWH WKDW)60SULFLQJGRHV OHDG WRFRVW
LPSURYHPHQWZLWKLQCOMPANY C DQG SUPPLIER S&RVWSHU)3
VKRZVWREHLQOLQHZLWKH[WHUQDOSHHUJURXSV'XUDWLRQSHU)3
RQWKHFRQWUDU\LVWRRKLJKZKHQEHQFKPDUNHGH[WHUQDOO\DQG
VKRZVDGHWHULRUDWLQJ WUHQG SUREDEO\ FDXVHGE\ WKH IDFW WKDW
DYHUDJHSURMHFWVL]HJHWVVPDOOHURYHUWLPH
$ )XWXUH:RUN
7KHUHVHDUFKSUHVHQWHGRSHQVXSDQXPEHURIDYHQXHV IRU
IXUWKHUUHVHDUFK)URPDEHQFKPDUNLQJSHUVSHFWLYHRXUFXUUHQW
DSSURDFKGLVWLQJXLVKHVEHWZHHQGDWDZDUHKRXVLQJ DQG&50 
%LOOLQJSURMHFWV)XUWKHUUHVHDUFKLVQHHGHGWRFRPHXSZLWKJHQ
HUDOJXLGHOLQHVRQKRZWRJURXSSURMHFWVLQWRVXIILFLHQWO\FRKH
VLYHXQLWVWRSHUPLWDGHTXDWHSULFLQJ$QRWKHUFRQFHUQWKDWDURVH
IURPRXUFDVHVWXG\LVGHDOLQJZLWKQRQIXQFWLRQDOUHTXLUHPHQWV
VXFKDVVHFXULW\RULQIUDVWUXFWXUH
'HOLYHU\RIVPDOOHUVRIWZDUHSURMHFWVLQHTXDOSURMHFWGXUD
WLRQVVHHPV WRUHVXOW LQD ORZHU'XUDWLRQSHU)3KRZHYHU LWV
QHHGVWREHUHVHDUFKHGZKHWKHUWKHDPRXQWRIYDOXHGHOLYHUHGE\
DSURMHFWLQIOXHQFHVVXFKSHUIRUPDQFHSHUFHSWLRQ:LWKUHJDUG
WRLQFOXGLQJQRQIXQFWLRQDOUHTXLUHPHQWVLWPLJKWEHLQWHUHVWLQJ
WRSHUIRUPIXWXUHUHVHDUFKRQSRVVLELOLWLHVWRXVH,)38*61$3
6RIWZDUH 1RQIXQFWLRQDO $VVHVVPHQW 3URFHVV EHVLGHV )3$
$SSURDFKHVOLNH&2&202LQWURGXFHIDFWRUVWRFRPSHQVDWH
IRUVXFKSURMHFWFKDUDFWHULVWLFVEXWZKHWKHUWKLVZRUNVZHOOLQ
FRPELQDWLRQZLWKWKHSXUHO\VWDWLVWLFDODSSURDFKLQYHVWLJDWHGLQ
WKHSUHVHQWSDSHUFDOOVIRUDGGLWLRQDOUHVHDUFK
$&.12:/('*0(176
:HWKDQNERWK&203$1<&DQG6833/,(56IRUWKHLUJHQHURVLW\
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WRDJUHHRQXVLQJSURMHFWDQGVXUYH\GDWDIRURXUVWXG\)XUWKHU
PRUHZHWKDQN3KLOLSSH.UXFKWHQ)UDQN9RJHOH]DQJ.LP+HU
]LJIRUWKHLUYDOXDEOHIHHGEDFN
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